A substantial proportion of patients with type 2 diabetes mellitus do not reach glycemic targets, despite treatment with oral anti-diabetic drugs and basal insulin therapy. Several options exist for treatment intensification beyond basal insulin, and the treatment paradigm is complex. In this review, the options for treatment intensification will be explored, focusing on drug classes that act via the incretin system and paying particular attention to the short-acting glucagonlike peptide-1 receptor agonists exenatide and lixisenatide. Current treatment guidelines will be summarized and discussed.
Introduction
An estimated 40-50% [1] of patients with type 2 diabetes mellitus (T2DM) do not achieve optimal glycemic control when treated with oral medications and basal insulin. In other patients, control is maintained until disease progression brings about the need for additional pharmacotherapeutic management [2] . When basal insulin offers insufficient control, a common course of action is the intensification of insulin therapy with the addition of prandial insulin, which can be effective but presents drawbacks such as the requirement for patient training in self-monitoring of blood glucose (SMBG), weight gain and increased risk of hypoglycemia. Therefore, it is important to consider the individual patient's characteristics when deciding how to intensify therapy [2] and to consider options other than prandial insulin. Some patients will benefit from a different therapeutic approach, such as incretin-based therapy with a glucagon-like peptide-1 receptor agonist (GLP-1 RA), dipeptidyl peptidase-4 (DPP-4) inhibitor or a sodium-glucose co-transporter 2 (SGLT2) inhibitor as add-on to basal insulin.
Glucagon-like peptide-1 receptor agonists exert an important action on glycemic control, show favourable effects on body weight and are associated with reduced risk of hypoglycemia; some have also demonstrated a complementary mechanism of action when combined with basal insulin [3] . There are, however, several GLP-1 RAs available, each with particular pharmacologic characteristics, which presents significant challenges for the clinician, including their correct positioning in the therapeutic algorithm. This review will discuss the rationale behind, and evidence for, the use of GLP-1 RA therapies, in particular that of lixisenatide, versus other possible combination treatments, in patients who do not achieve glycemic control with basal insulin alone. Figure 1 shows a possible algorithm based on current guidelines [2] for intensification of basal insulin therapy, with particular regard to the placement of GLP-1 RAs.
GLP-1 receptor agonists
Endogenous GLP-1 is normally secreted after glucose ingestion. It lowers postprandial glucose levels by stimulating insulin secretion and inhibiting release of glucagon in a glucose-dependent manner and by slowing gastric emptying and the rate of intestinal glucose absorption [4] . These effects make the augmentation of the effects of GLP-1 an attractive therapeutic target in T2DM. Endogenous GLP-1 is rapidly degraded by DPP-4. GLP-1 RAs are injectable therapeutic molecules that mimic the insulinotropic actions of endogenous GLP-1. They have been developed to resist degradation by DPP-4, prolonging their biological effects. GLP-1 RA therapies lower hyperglycemia and have a low propensity for inducing hypoglycemia because their effects are glucose dependent. In addition to their effects on glycemic control, they are also associated with appetite suppression, reduced food intake, slowing of gastric emptying and favourable weight control [5] . The most common adverse events (AEs) reported with GLP-1 RAs therapies are gastrointestinal side effects, but these are generally mild to moderate and transient in nature [6] [7] [8] [9] .
There are a variety of different GLP-1 RAs available, which are characterized by different pharmacokinetic and clinical profiles. These agents can be broadly separated into two sub-classes, long-acting and short-acting, or predominantly basal or prandial (Table 1) .
Exenatide is a GLP-1 RA that is available in short-acting twice daily (BID) and long-acting once weekly (QW) formulations. It has a half-life of approximately 2.4 h, regardless of the dose [7] . The QW formulation is a prolonged-release suspension [7] . Both formulations are effective in lowering glycated haemoglobin (HbA 1c ) and inducing weight loss [10] . The effects of exenatide on fasting plasma glucose (FPG) and postprandial glucose (PPG) levels differ between the formulations [10] -this difference will be discussed along with the findings of other head-to-head studies.
Liraglutide is an analogue of human GLP-1, administered once daily (QD). It is a long-acting GLP-1 RA with a half-life of approximately 13 h [11] . At a daily dose of 1.8 mg QD, liraglutide reduces HbA 1c through increased insulin levels and significant effects on FPG. Liraglutide treatment reduces body weight but has limited effects on gastric emptying and meal-related glucose fluctuations [12] .
Lixisenatide is a prandial GLP-1 RA administered QD. It has a half-life of approximately 3 h and is referred to as a short-acting agent. QD dosing at 20 μg reduces PPG levels and prandial glucose fluctuations throughout the day to confer overall glucose control [13] and gives the optimal benefit/AE ratio [14, 15] . Several mechanistic studies have demonstrated that lixisenatide is associated with a significant delay in gastric emptying [5, 13, 16] . This results in a reduction of the rate at which glucose is absorbed from the small intestine, which in turn causes pronounced reductions in the level of PPG [17] . This effect has been demonstrated in clinical trials of lixisenatide, which have shown significant reductions in PPG and HbA 1c , with high proportions of treated patients achieving HbA 1c targets [18] [19] [20] . Treatment with lixisenatide is also associated with beneficial weight-lowering effects [21] .
Albiglutide is a long-acting GLP-1 RA administered QW with a half-life of 6-8 days [22, 23] . In a comparative clinical trial in patients on oral antidiabetic drug (OAD) therapy, albiglutide demonstrated a lesser effect on glycemic control than that seen with liraglutide. Although patients in both groups lost weight, the effect was less pronounced with albiglutide than with liraglutide [24] .
With a half-life of approximately 90 h [25] , dulaglutide is a long-acting GLP-1 RA administered QW. A study published recently found the efficacy of dulaglutide to be noninferior to that of daily liraglutide, with similar rates of AEs [26] . Reported effects of dulaglutide include lowering of FPG and PPG [27] , and weight loss [28] through glucose-dependent potentiation of insulin secretion and inhibition of glucagon secretion [25] .
While both short-acting and long-acting GLP-1 RAs increase insulin secretion and reduce glucagon levels [3] , they have different mechanistic properties, which account for their different clinical profiles. Long-acting GLP-1 RAs have a predominantly insulinotropic mechanism of action [3] , which provides glycemic control primarily through reduction in FPG and hyperglycemia throughout the day [10, 12, 24] . While short-acting GLP-1 RAs have insulinotropic effects, they are also particularly efficacious in slowing gastric emptying, an effect that is associated with pronounced reductions in PPG and meal-related glucose fluctuations [5] . Long-acting GLP-1 RAs do not delay gastric emptying to the same extent as short-acting agents, which may be due to tachyphylaxis caused by sustained plasma concentrations of the GLP-1 RA [29] . Chronic occupation of GLP-1 receptors by long-acting GLP-1 RAs may lead to downregulation of receptor expression and/or signalling; the phasic nature of exposure to shortacting GLP-1 RAs could instead preserve receptor expression and the effect on gastric emptying deceleration [30] . The effect on delayed gastric emptying is vagally mediated. In 498 F. Giorgino et al. contrast, the other effects of GLP-1 RAs, such as that on insulin secretion, do not appear to be susceptible to attenuation by continuous exposure [31] .
Differences in mechanism of action and clinical profiles between short-acting and long-acting GLP-1 RAs have been demonstrated in several head-to-head studies: a study [10] . In a comparative study of liraglutide QD versus exenatide BID in addition to metformin, sulfonylurea, or both, reductions in FPG and HbA 1c levels were greater with liraglutide QD than with exenatide BID. Conversely, exenatide BID was significantly more effective than liraglutide QD in reducing PPG after breakfast and dinner -the times at which exenatide was administered [12] . A pharmacodynamic study of lixisenatide QD and liraglutide QD in addition to metformin showed that lixisenatide treatment was associated with greater reductions in PPG than liraglutide, an effect accompanied by greater reductions in postprandial glucagon and insulin with lixisenatide [32] . These results were similar to those obtained with lixisenatide QD versus liraglutide QD as add-on to basal insulin: lixisenatide demonstrated significantly greater reductions in PPG versus liraglutide, and these reductions were associated with greater delays in gastric emptying with the short-acting prandial agent. It should be noted that HbA 1c change from baseline was a secondary endpoint in this study, and that the 8-week treatment period may not have been sufficient to detect between-treatment differences in this endpoint. However, final HbA 1c levels were comparable between lixisenatide and liraglutide [5, 16] , suggesting that overall glycemic control is similar between the two agents, although reached through different mechanisms -delay of gastric emptying and glucagon suppression in the case of lixisenatide, and predominantly increased insulin release in the case of liraglutide.
The recent AWARD-1 study compared QW dulaglutide at doses of 1.5 or 0.75 μg with exenatide 10 μg BID added on to metformin and pioglitazone. All treatments lowered HbA 1c over 52 weeks, but the reduction was significantly greater in both dulaglutide groups than in the exenatide group. While exenatide BID reduced prandial glucose excursions to a greater extent than dulaglutide, larger reductions in FPG and overall hyperglycemia throughout the day were observed with dulaglutide [33] .
Rationale for combining GLP-1 RAs with basal insulin Glucagon-like peptide-1 receptor agonists have demonstrated efficacy at different points in the treatment paradigm, as evidenced by clinical recommendations [2] . Current guidelines recommend that, in patients with inadequate control on metformin monotherapy alone, escalation to a two-drug combination is indicated, with the choice of addition of a thiazolidinedione, a sulfonylurea, a DPP-4 inhibitor, an SGLT2 inhibitor, a GLP-1 RA, or basal insulin. Subsequently, when a combination regimen including basal insulin fails to achieve the glycemic target after 3 months, the recommendation is to add either multiple daily insulin doses or a GLP-1 RA ( Figure 1 ) [2] .
Glucagon-like peptide-1 receptor agonists are an important candidate class for addition to basal insulin because of the differing mechanisms of action and, particularly in the case of the short-acting GLP-1 RAs, complementary physiologic effects between the two agents. The principal effect of basal insulin is on FPG via inhibition of hepatic glucose production [2] . The GLP-1 RAs can also lower FPG (particularly the long-acting formulations), but they also affect PPG and meal-related glucose oscillations, which is particularly true for the short-acting formulations [3] . While basal insulin may induce 'rest of β-cell function' [34] , GLP-1 RAs stimulate endogenous insulin secretion and inhibit glucagon secretion in a glucosedependent manner without causing β-cell overload [3] . They also have a significant potential for inducing β-cell survival and protection from pro-apoptotic actions of cytokines and fatty acids [35] [36] [37] . Preclinical investigation has shown that lixisenatide may protect pancreatic β cells from apoptosis -when administered alone, it reduced the number of apoptotic cells by 50-60%. An 80% reduction was seen when lixisenatide and insulin glargine were added together, suggesting a synergistic effect on β-cell survival [38, 39] .
Importantly, insulin therapy is known to increase the risk of hypoglycemia [40] , whereas treatment with GLP-1 RAs is associated with a relatively low propensity to hypoglycemia because of glucose-dependent effects on α and β cells [2] . Furthermore, insulin therapy is associated with weight gain [41] , while GLP-1 RA therapy is associated with favourable weight effects [10, 21] .
As both FPG level and PPG excursions contribute to a patient's glycemic profile [42, 43] , it is logical to use a therapeutic approach that targets both to maintain overall glucose control, such as combining a prandial GLP-1 RA and basal insulin. However, the relative degree to which FPG and PPG each contribute to overall HbA 1c varies, being influenced by lifestyle, disease duration, specific etiologic and pathophysiologic features, and treatment [42, 43] . While some patients will still require further FPG control after initiation of basal insulin, PPG excursions have been shown to provide an important contribution to persistent hyperglycemia in this population [43] , making short-acting GLP-1 RAs a valuable option for treatment intensification in patients receiving basal insulin.
Combining short-acting GLP-1 RAs and basal insulin has been shown to be beneficial in clinical trials
Data from clinical trials demonstrate the efficacy of shortacting GLP-1 RAs when used in combination with basal insulin. Figure 2 ). There was no significant difference between the exenatide and insulin-only groups in incidence of hypoglycemia [44] .
Four [18] . Further glycemic and body weight outcomes for all four studies are shown in Table 2 . Preliminary results were recently reported for GetGoalDuo2, which included predominantly obese patients with T2DM who were uncontrolled after 6 months' basal insulin treatment, with or without 1-3 OADs. Following 12 weeks' optimization of basal insulin glargine, treatment was intensified with either lixisenatide QD, insulin glulisine QD, or insulin glulisine thrice daily (TID). Mean HbA 1c fell to a similar extent from baseline to week 26 in all three groups, with lixisenatide non-inferior to both prandial insulin treatments. Mean body weight decreased with lixisenatide and increased with prandial insulin (p < 0.0001 for treatment difference versus insulin glulisine TID; a prespecified co-primary endpoint) [45] .
A post hoc analysis of data from GetGoal-L showed that the response to treatment was more pronounced in patients whose baseline FPG was controlled by basal insulin [46] . In GetGoal-Duo1, body weight increased with basal insulin alone and fell with lixisenatide [19] . In GetGoal-L, body weight fell in patients treated with basal insulin alone, but fell to a greater extent in patients with lixisenatide added [18] . No weight effect was seen in GetGoal-L Asia, with the absence likely due to low patient body weight at baseline in this study [20] .
In GetGoal-L, rates of symptomatic documented hypoglycemia did not differ between groups; in GetGoalDuo1, hypoglycemia was reported in a higher proportion of patients receiving lixisenatide than in those receiving insulin alone during the first 6 weeks of treatment -after this point, the incidence was similar between groups; in GetGoal-L Asia, lixisenatide was associated with a higher incidence of hypoglycemia than placebo in the overall population, although there was no difference between groups when patients receiving a sulfonylurea were excluded from the analysis [18] .
Data from three studies of the GetGoal programme have also been assessed further in a meta-analysis, which confirmed the significant reductions in HbA 1c , PPG, and body weight with lixisenatide seen in the individual studies. Patients treated with basal insulin plus lixisenatide were more than 2.5 times more likely than those receiving basal insulin alone to achieve the composite endpoint of HbA 1c levels <7% and no symptomatic hypoglycemia and no weight gain (p = 0.0007; Figure 3) .
A fixed-ratio combination of insulin glargine and lixisenatide is under investigation. A 24-week study found that HbA 1c was significantly lower with the combination than with insulin glargine alone (least squares mean difference -0.17%; p = 0.013). Two-hour PPG was significantly lower with the combination than with glargine alone (least squares mean difference -57.07 mg/dL; p < 0.0001). Mean weight increased in the insulin group and fell in the combination group, which resulted in a significant difference. Composite endpoints of reaching target HbA 1c <7% with no weight gain, or no weight gain and no hypoglycemia were met in the combination group more frequently than in the insulin alone group [47] .
Long-acting GLP-1 RAs plus basal insulin also improve outcomes as treatment intensification The 28-week BEGIN: VICTOZA ADD-ON trial [48] compared the efficacy of liraglutide added to insulin degludec versus a single daily dose of insulin aspart added to degludec. The mean change in HbA 1c from baseline was -0.74% in patients treated with add-on liraglutide and -0.39% in those treated with add-on insulin aspart (between group difference [95% CI]: -0.32 [-0.53, -0.12]; p = 0.0024).
As shown in Table 2 , a significantly larger proportion of liraglutide patients reached the composite endpoint of HbA 1c <7% without confirmed or severe hypoglycemia. Mean body weight fell in liraglutide patients but increased in patients treated with degludec alone [48] . An ongoing study is investigating the efficacy and safety of adding liraglutide to the regimens of patients who are receiving large (>50 units) daily doses of insulin [49] . A novel 
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Safety considerations when treating with short-or long-acting GLP-1 RAs
Gastrointestinal events, including nausea and vomiting, are known AEs associated with GLP-1 RAs. These tend to be mild, and incidence diminishes over time on treatment. Their frequency differs between agents [6-9]: the incidence of nausea was higher and more persistent with exenatide BID (34.5% patients) than with exenatide QW (26.4% patients) in an open-label study comparing the two formulations [10] . A head-to-head study found that the incidence of nausea was initially similar between patients treated with exenatide BID and liraglutide QD, but was less persistent with liraglutide (estimated treatment rate ratio 0.448; p < 0.0001) [12] . In a head-to-head study, gastrointestinal events were more frequent with exenatide BID than with lixisenatide: at least one event was reported in 50.6% of exenatide patients and in 43.1% of lixisenatide patients. There was a significantly higher rate of nausea in exenatide than lixisenatide patients (35.1 vs 24.5%, respectively; p < 0.05) [51] . A 28-day study comparing the pharmacodynamics of lixisenatide with those of liraglutide in addition to metformin found that gastrointestinal tolerability was superior with lixisenatide: the rate of gastrointestinal AEs was [5] . When intensifying treatment for T2DM by adding another agent to basal insulin, risk of hypoglycemia is an important consideration [2] . The addition of a GLP-1 RA to basal insulin carries only a minor additional risk of hypoglycemia [44, 48, [52] [53] [54] .
A meta-analysis of patients recruited to the lixisenatide GetGoal trial programme stratified patients by baseline renal function. Baseline renal impairment had no significant effect on the efficacy of lixisenatide. Furthermore, overall AEs were not significantly different between the subgroups of patients with differing renal function [55] .
Increased heart rate has been reported with GLP-1 RA therapy, with greater increases reported with long-acting than short-acting agents: a 26-week trial of QW exenatide 2 mg treatment reported an increase in heart rate of 4 beats per minute (bpm) from baseline to study end [56] , and a further study comparing the QW and BID formulations found that this increase over 24 weeks was larger in the QW formulation (4.1 versus 2.1 bpm) [57] . In an assessment of liraglutide in the treatment of obesity, the US Food and Drug Administration acknowledged that placeboadjusted increases of 5.7-6.6 bpm in 24-h heart rate and 7.0-8.9 bpm in 3-h sleeping heart rate were seen with liraglutide 1.8 and 3 mg [58] . Similar heart rate effects with liraglutide (an increase of approximately 9 bpm over 24 weeks) have also been seen in a Japanese study [59] . A direct comparison of safety endpoints between lixisenatide and liraglutide showed that while both agents led to increased heart rate over 8 weeks' treatment, the increase was significantly greater and clinically meaningful with liraglutide 1.2 and 1.8 mg than with lixisenatide 20 μg (9.3 and 9.2 bpm versus 3.3 bpm, respectively; p < 0.0001) [5] .
Reduction in body weight following GLP-1 RA therapy may reduce the risk of cardiovascular (CV) events, but theoretically, GLP-1 RAs may also have direct beneficial effects on the CV system: GLP-1 receptors are expressed in the heart, kidneys, and blood vessels, and their activation by endogenous GLP-1 has favourable effects on endothelial and myocardial function, blood pressure, and sodium excretion. There is growing evidence that GLP-1 RAs share these effects with endogenous GLP-1 [60] [61] [62] . Several studies have shown that increased PPG is a risk factor for CV events [63, 64] and death [65, 66] . Furthermore, a 14-year follow-up study in patients with T2DM showed that PPG was an independent risk factor for CV events, while FPG was not [67] . The HEART2D study failed to show any effect on CV risk of lowering PPG by administration of prandial insulin [68] . However, a subgroup analysis of this trial showed that elderly patients treated with prandial insulin had a lower risk of CV events than basal patients [69] . It is thus postulated that reducing PPG in patients with T2DM can potentially improve CV outcomes. Several large randomized studies are underway, which will specifically examine CV outcomes in patients treated with shortand long-acting GLP-1 RAs (Table 3 ) [70] [71] [72] [73] . However, since these clinical trials are designed to document safety, with non-inferiority experimental methodologies, they are unlikely to show superiority of GLP-1 RAs on CV endpoints, if any is indeed present.
Clinical decision making -when to add a GLP-1 RA to basal insulin When considering which agent to add to basal insulin to improve patient outcomes, the differences in glycemic profiles associated with different GLP-1 RAs may provide an opportunity to individualize therapy to suit individual patients' needs and clinical characteristics. When the FPG target is achieved with well-titrated basal insulin, residual hyperglycemia explaining the elevation of HbA 1c should be mainly postprandial, and this could be effectively corrected using short-acting GLP-1 RAs. Through their effects on FPG and overall glycemic control, longacting GLP-1 RAs have also demonstrated benefit in patients who are inadequately controlled with basal insulin. The use of long-acting GLP-1 RAs could be particularly considered when FPG target is not achieved with basal insulin, and improvements of both FPG and PPG are required However, although the concept of 'glycemic phenotyping' appears attractive from the pathophysiologic and clinical point of view, consideration should be given to the feasibility of assessing glycemic alterations in clinical practice, taking into account the difficulties related to the implementation of SMBG, in particular in the initial phases of the disease and during treatment with OADs.
It has been demonstrated that the addition of a GLP-1 RA offers body weight benefits when compared with basal insulin alone, making this an attractive treatment option in overweight and obese patients with T2DM, or those concerned about potential weight gain with intensification of insulin therapy.
As the efficacy of short-acting GLP-1 RAs relies predominantly on delay of gastric emptying rather than insulinotropic effects, maintenance of β-cell function is not a necessity. Indeed, studies have shown that the prandial GLP-1 RA lixisenatide confers glycemic control in patients regardless of β-cell function [65, 66, 74, 75] . This means that patients with T2DM with declined β-cell function, such as those with long-standing disease, may also benefit from the addition of a GLP-1 RA to basal insulin. Potentially relevant to this concept, post hoc analyses of the GetGoal clinical trial programme have demonstrated the efficacy and tolerability of lixisenatide in elderly patients [76, 77] . Conversely, because the long-acting GLP-1 RAs mediate their effects through predominantly insulinotropic effects, they could be most effective in patients with maintained β-cell function. However, there are no published data exploring this hypothesis.
There is evidence of an underlying GLP-1 insufficiency in Asian patients with T2DM [78] . Therefore, the addition of GLP-1 RA therapy to basal insulin may be especially advantageous in Asian patients. Indeed, a clinical trial has demonstrated the efficacy and safety of lixisenatide plus basal insulin in Asian patients [65, 77, 78] . Similarly, a small (n = 84) study in obese Chinese patients found that the addition of liraglutide to existing insulin treatment conferred similar glycemic control to that seen with an increase in insulin dose, but with lower incidence of hypoglycemia [79] .
It is noteworthy that the most recent update to the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) treatment guidelines place GLP-1 RAs alongside prandial insulin in the final line of treatment of T2DM. This means that patients who do not achieve satisfactory glycemic control with other monotherapies or dual-or triplecombination regimens should be treated with metformin plus basal insulin and either prandial insulin or a GLP-1 RA [2] .
Other options for treatment intensification
While the addition of a GLP-1 RA to basal insulin is a viable option for treatment intensification, other strategies are available at this point in the treatment algorithm -addition of prandial insulin, DPP-4 inhibitor, or SGLT2 inhibitor may also be considered. Mechanistic differences between these approaches are shown in Table 4 .
To date, few head-to-head studies have examined the relative safety and efficacy of GLP-1 RAs and prandial CV, cardiovascular; MI, myocardial infarction; QD, once daily; QW, once weekly; T2DM, type 2 diabetes mellitus.
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insulin added onto basal insulin. In those studies that have [80] [81] [82] , both regimens provided similar overall glycemic control, with favourable weight benefits and lower risk of hypoglycemia with the GLP-1 RA regimens. Exenatide BID was compared with mealtime insulin lispro on a background of basal insulin in a 30-week trial [80] . Exenatide conferred a similar level of glycemic control as the prandial insulin (reductions in HbA 1c of 1.13 and 1.10%, respectively). Mean body weight fell by 2.5 kg with exenatide and increased by 2.1 kg with prandial insulin lispro. Non-nocturnal hypoglycemic events were less frequent with exenatide (103 events in 315 patients) than with insulin lispro (584 events in 312 patients; p < 0.001). Both treatments resulted in a positive change in patient satisfaction as measured by the Diabetes Treatment Satisfaction Questionnaire (DTSQ); the mean change from baseline in total DTSQ score was significantly greater in exenatide patients than in insulin lispro patients (2.19 versus 1.40, respectively; p < 0.01) [80] .
A 26-week direct comparison of albiglutide 30 mg QW versus prandial insulin lispro, each added to basal insulin, found similar levels of glycemic control with the two regimens: mean HbA 1c fell by 0.82% with albiglutide and by 0.66% with insulin lispro. Mean body weight decreased by 0.73 kg in albiglutide patients and increased by 0.81 kg in insulin lispro patients. Documented symptomatic hypoglycemia was reported for 15.8% of albiglutide patients and 29.9% of insulin lispro patients [82] .
An ongoing Phase III trial, GetGoal-Duo2, will directly compare the efficacy and tolerability of lixisenatide plus basal insulin versus basal insulin plus prandial insulin QD or TID [83] .
A propensity matching technique was used to perform an indirect analysis of pooled data on patients treated in several clinical trials with basal insulin with lixisenatide or QD rapid-acting insulin. The lixisenatide population was twice as likely to reach the composite endpoint of HbA 1c <7% with no weight gain and no symptomatic hypoglycemia -this endpoint was achieved by 29.2% of patients treated with lixisenatide group and by 15.3% in patients who received rapid-acting insulin (p = 0.0046) [81] . These comparative data demonstrate that certain patients may be better suited to the addition of GLP-1 RA therapy rather than prandial insulin, such as: (i) those concerned about potential weight gain with intensification of insulin therapy, or overweight and obese patients; (ii) patients at particular risk from hypoglycemia, including elderly or frail patients; and (iii) patients who are not comfortable with selfadministering multiple daily injections and unskilled at monitoring their plasma glucose levels. However, if a patient has a contraindication to GLP-1 RAs, has an HbA 1c much higher than target, or experiences a particular adverse reaction to GLP-1 RA treatment, addition of prandial insulin may suit them better, although will usually require intense SMBG. Table 5 details some of the patient characteristics that the clinician should take into consideration when deciding whether to escalate basal insulin therapy with either a GLP-1 RA or a prandial insulin.
A further option for intensifying basal insulin therapy is the addition of a DPP-4 inhibitor. Inhibition of DPP-4 prevents the degradation of GLP-1, resulting in increased circulating levels of GLP-1 and gastric inhibitory polypeptide, which in turn has the effect of increasing secretion of insulin and lowering that of glucagon [3] . Addition of this class of drug to basal insulin can lower HbA 1c levels, although to a more modest extent than GLP-1 RAs [84] [85] [86] [87] [88] [89] [90] [91] [92] . The principal DPP-4 inhibitors currently available are sitagliptin, saxagliptin, vildagliptin, linagliptin, and alogliptin. All are indicated for T2DM in combination with basal insulin (± metformin) where this regimen alone, alongside diet and physical exercise, does not provide adequate glycemic control [2] . All are taken orally QD; vildagliptin is also prescribed for BID use. The ADA and the EASD categorize DPP-4 inhibitors as agents of intermediate efficacy, which are generally very well tolerated with neutral effects on body weight [2] .
There is only one small published head-to-head study examining GLP-1 RA versus DPP-4 inhibitor therapy in combination with basal insulin. It found additional reductions in HbA 1c with both exenatide BID and sitagliptin QD when added to insulin glargine and metformin, compared with insulin glargine and metformin only. A greater reduction was seen with exenatide than with sitagliptin [93] . The addition of DPP-4 inhibitor therapy to basal insulin may be of particular clinical utility to certain patients. In particular, for patients who are averse to multiple daily injections, an orally administered DPP-4 inhibitor may be preferable. In addition, the DPP-4 inhibitors display favourable renal tolerability and can be used at reduced dosages in patients with renal insufficiency [94] [95] [96] . In the case of linagliptin, no dose adjustment is recommended in patients with renal impairment [97] . This, coupled with the low risk of hypoglycemic episodes make this class of therapy potentially useful for treatment in elderly patients, for whom renal complications and hypoglycemia are particularly dangerous.
Finally, incretin-based therapy may be considered for use in latent autoimmune diabetes in adults (LADA). Although it is thought to be a distinct autoimmune form of diabetes [98, 99] , LADA is often difficult to distinguish from earlystage T2DM. As patients with LADA often do not become insulin dependent for some time after diagnosis, other treatment options are required in the early stages. Data from small studies suggest that the DPP-4 inhibitors linagliptin [100] , saxagliptin [101] , and sitagliptin [102] may protect β-cell function in patients with LADA as demonstrated by improved C-peptide levels. Possible mechanisms that could explain a potential attenuation of decline in C-peptide levels using incretin-based therapies include a β-cell protective effect through elevation of endogenous GLP-1 [103] , and/or nonGLP-1-related mechanisms through modulation of peptides involved in cell signalling and autoimmune pathways [104] . As the GLP-1 RAs preserve β-cell function, it is possible that they may have potential for the treatment of LADA, although studies have not yet confirmed this [105] . There is a clear unmet need for treatment of patients with LADA, and further research is needed to determine the role of incretin-based therapies in this population.
SGLT2 inhibitors may also be added to basal insulin therapy. This class of agents promotes urinary excretion of glucose, thereby limiting the amount of glucose that is reabsorbed into the blood from the kidneys [106] . Currently, dapagliflozin, empagliflozin, and canagliflozin are available for the treatment of T2DM. All three are indicated in combination with basal insulin with or without metformin, providing stabilization of insulin doses and weight loss.
Conclusions
When patients fail to reach glucose targets with basal insulin treatment, regimen adjustment is required [2, [94] [95] [96] . The addition of prandial insulin to basal insulin can be effective, but is problematic to titrate optimally and may be burdensome to the patient owing to weight gain and increased risk of hypoglycemia. DPP-4 inhibitors and SGLT2 inhibitors are well tolerated and can be moderately effective in addition to basal insulin, although the DPP-4 inhibitors have no weight-sparing effects. The GLP-1 RAs discussed here can be added to basal insulin to improve glycemic control; the differing mechanisms of action and half-lives of these agents allow personalization of the GLP-1 RAs Added to Insulin 507 regimen to suit the patient's individual needs. Given the contribution of PPG to overall HbA 1c levels in patients with T2DM treated with basal insulin, addressing uncontrolled PPG excursions is an important therapeutic target in many patients. Owing to their primary effect of reducing PPG levels, prandial or short-acting GLP-1 RAs (i.e., exenatide and lixisenatide) represent an efficacious and welltolerated treatment option for addition to basal insulin to treat patients who require additional glycemic control. Current guidelines recommend the addition of a GLP-1 RA or prandial insulin to basal insulin treatment in patients who do not reach glycemic control with other monotherapies or combination regimens [2] . 
